Concorde noise-induced building vibrations John F. Kennedy International Airport by Deloach, R. et al.
NASA Technical Memorandum 78660 
CONCORDE NOISE-INDUCED BUILDING VIBRATIONS 
JOHN Fa KENNEDY INTERNATIONAL AIRPORT 
REPORT NUMBER 1 
. 8 . W . C .  \mnan-TPI-78660) C O Y C O R D E  N O I S E - I N D U C E D  N 7 8 -  1 8 9 7 3  
B U I L D I N G  V I B R A T I O N S  JCHN F. K E N N E D Y  
I N T E R N A T I O N A L  A I R P O R T  ( N A S A )  38 p HC A03/MF 
A 01 CSCL 20A Dnclas 
G 3 / 7 1  05949 
STAFF-LANGLEY RESEARCH ZENTEX 
JANUARY 1978 
Lengiey Research Center 
I I,rtnldc~ll V~rq~n~a  ?3665 
https://ntrs.nasa.gov/search.jsp?R=19780010930 2020-03-22T06:10:45+00:00Z
CONCORDE NOISE- INDUCED BUILDING VIBRATIONS 
JOHN F . KENNEDY INTERNATIONAL AIRPORT 
REPORT NUMBER 1 
By Staff-Langley Research Center* 
SUMMARY 
The NASA, i n  cooperation w i th  the FAA, made measurements o f  noise-induced 
bu i ld ing  v ib ra t ions  i n  the v i c i n i t y  o f  John F. Kennedy Internat ional  A i rpo r t  on 
January 18-19, 1978, as pa r t  o f  the Concorde monitor ing program. The purpose 
of the study was t o  expand the data base developed a t  Dul les Internat ional  
A i rpo r t  during the ear ly  months o f  Concorde operations by obtaining a i r c r a f t  
noise and bu i l d ing  v ib ra t i on  data on t yp i ca l  res ident ia l  s t ructures i n  the 
New York area. The outdoor/ i  ndoor noise 1 evel s  and associated v ib ra t i on  1 evel s  
resu l t i ng  from a i r c r a f t  and nona i rc ra f t  events were recorded a t  s i x  home s i tes .  
I n  addit ion, l i m i t e d  subject ive tes ts  were conducted t o  examine the human 
detectionlannoyance thresholds f o r  bu i l d ing  v ib ra t i on  and r a t t l e  caused by 
a i r c r a f t  noise. A descr ipt ion o f  the t e s t  plan and procedures along w i t h  sample 
3ata are presented i n  t h i s  repor t .  A quant i ta t i ve  assessment o f  the data i s  
cur ren t ly  underway and the resul  t s  along w i th  those from addi t ional  measurements 
a t  JFK w i l l  be presented i n  f o l  low-on reports.  
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I NTRODUCT ION 
Measurements o f  a i r c r a f t  noise-induced bu i l d ing  v ib ra t ions  are  being 
conducted by the NASA as p a r t  o f  the DOTIFAA monitor ing program t o  assess the 
environmental impact o f  Concorde operations a t  JFK (ref .  1 ). The purpose o f  
t h i s  element o f  the monitoring program i s  t o  make a comparative assessment of 
the bu i ld ing  response resu l t i ng  from Concorde, subsonic a i r c r a f t ,  and nona i rc ra f t  
events . 
The approach being f o l  lowing i n  the  assessment of Concorde noise-induced 
bu i ld ing  v ib ra t ions  involves the fo l lowing steps: (1) the measurement of the 
v ib ra tory  response o f  selected bui ldings; (2) the development o f  funct ional  
re lat ionships ("signatures") between the v ib ra t i on  response o f  bu i l d ing  
elements and the outdoor and/or indoor noise l eve l s  associated w i t h  events o f  
in terest ;  and (3) the comparison o f  Concorde-induced response w i t h  the response 
associated w i th  other a i r c r a f t  as wel l  as comnon domestic events and/or c r i t e r i a .  
This approach was followed by NASA i n  making measurements i n  the v i c i n i t y  o f  
Dulles Internat ional  A i rpo r t  during the ear ly  months o f  Concorde operations. 
Noise and v ib ra t i on  measurements were made a t  Su l ly  Plantat ion, an h i s t o r i c  
s i t e  located near Dulles, and a t  three homes i n  Montgomery County, Maryland 
where residents had complained of bu i ld ing  v ib ra t ion .  The r e s u l t s  o f  these 
studies were pub1 ished i n  references 2 through 5. The JFK studies ~8.e  d i rec ted  
a t  expanding the data base developed a t  Dul l e s  by obtaining a i r c r a f t  noise and 
v ib ra t ion  data on t yp i ca l  res ident ia l  s t ructures f o r  both takeof f  and approach 
operations and, secondly, t o  explore i n  some deta i  1 human response t o  bu i l d ing  
v ib ra t ion  and r a t t l e .  This l a t t e r  issue requires tha t  the physical measure- 
ments be augmented by subject ive tests t o  determine the leve l  o f  noise and/or 
,;' 
v ibrat ion required t o  produce perceptible v ibra t ion and r a t t l e  and t o  determine, 
i 
a i f  possible, the degree o f  annoyance associated w i th  perceptible bu i ld iny  
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response. The subjective tests are exploratory i n  nature since neither the way 
i n  which a person perceives v ibra t ion ( f o r  example, t ac t i l e ,  wholebody, visual ) 
nor the dominant bui ld ing stimulus elements ( f o r  example, f loor ,  window, wal l )  
have been studied i n  any de ta i l  f o r  human response t o  bui ld ing vibrat ions. 
This report  presents a descript ion o f  the tes t  plan and t e s t  procedures f o r  
acquiring both physical and subjective data. I n  addition, sample data are 
presented f o r  one s i t e  t o  i 1 lus t ra te  the data reductionjanalysis procedures and 
t o  indicate preliminary f indings i n  the JFK area. Fol low-on monthly reports 
w i l l  present addit ional data from the January tests as well as data from any 
future tes ts  a t  JFK. 
TEST SITES 
The s i x  res ident ia l  houses used f o r  the January studies were located i n  
the comnuni t i e s  o f  Cedarhurst, Inwood, and Rosedale which are east of the 
a i rpo r t  boundary as shown on the map, f igure  1. The approximate locations of 
the houses re l a t i ve  to  the main runways a t  JFK are shown i n  f igure  2. Test 
s i tes  1, 3, and 6 were monitored on January 18, 1978, during landing operations 
on runway 31R, whereas tes t  s i tes  9, 10, and 11 were monitored on January 19, 
1978, for  Concorde landings on runway 31R and subsonic departure operations on 
runway 04R. Measurements were obtained a t  a1 1 s i x  t es t  s i tes  during Concorde 
ground operations and departures on runway 31 L. Table I i s  a summary of the 
a i r c ra f t  events f o r  which both physical and subjective measurements were 
obtained. I n  addi t ion,  several nonai r c r a f t  events were recorded a t  each house 
including people walking, j o g i n g  i n  place, dropping a book, closing doors 
and windows, ground vehicles, etc. 
The houses were selected from homeowners who had volunteered t o  par t ic ipate  
i n  t h i s  phase o f  the assessment program. The houses represent a range o f  
construction typical  o f  the neighborhoods surrounding the east boundary of the 
airport.  The room selected f o r  measurement i n  a par t icu lar  house bas based on 
inforslation provided by the homeowner concerr~ing maximum noise and/or v ibra t ion 
exposure t o  a i r c r a f t  f lyovers. Accelerometers were located on a window, wall, 
and i n  the center o f  the f loor,  and microphones were located both i n  the tes t  
room and outside the house. 
Data are presented i n  t h i s  report  f o r  t es t  s i t e  3 which i s  shown i n  
f igure 3(a). The house i s  a two-story frame structure located i n  Cedarhurst. 
The exter ior  wal ls have a stucco f i n i s h  while the i n t e r i o r  wal ls are painted 
plaster. A plan-view sketch o f  the house and instrument locations are provided 
i n  f igure 3(b). The 1 i v ing  roam was chosen f o r  measuring the wal I ,  window, 
and f l oo r  responses since that  side o f  the house received the greateat exposure 
t o  a i r c ra f t  overf l ights.  The inside and outside sound pressure levels were 
measured using microphones located i n  the 1 i v ing  room and i n  the yard north of 
the house. (See f igure 3(b).) 
DATA ACQUISITION AND PROCEDURES 
Instrumentation 
Acoustic measurements were made o f  both i n t e r i o r  and exter ior  sound pressure 
levels w i th  special low-frequency response microphones being used f o r  the 
i n t e r i o r  measurements. Vibration data were obtained from pie/:oel ec t r i c  crystal  
accelerometers mounted on the window and from more sens*i I ive , hi, heavier, 
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servoaccelerofrieters ~r~ounted on the wa l l  and the f l oo r .  The f l o o r  measuretrlents 
consisted o f  the v e r t i c a l  and hor izonta l  accelerat ion inrparted t o  a 50 kg 
(110 l b )  cement block which was placed i n  the center o f  the room t o  simulate 
the loading of a person. A11 data were recorded on analog FM tape, accom~odatiny 
the low-frequency requirements , so t h a t  subsequent analys is  employing special  ized 
weighting funct ions could be appl ied as the need d ic tated.  
For data analysis, a General Radio 1926 mu1 tichannel, t r u e  rms, l o g  
voltmeter i s  used t o  sample the analog signals and perform the analog- to-d ig i ta l  
conversion, averaging, and logari thmic conversion on each of the analog signals. 
The d i g i t i z e d  acoustic and v ib ra t i on  data are fed i n t o  a Hewlett-Packard 21M20 
d i g i t a l  conputer where the data are formatted i n t o  numerical o r  graphical form 
according t o  various requirements. 
Frequency Response and Ca l ib ra t ion  
Extensive pre tes t  documentation o f  a1 1 i tems o f  the acqu is i t ion  systems 
was perfomed t o  include frequency response, deviat ion 1 i nea r i  t i es ,  gain 
accuracies, and dynamic range. Da i ly  ca l  ib ra t ions  i n  the f i e l d  consisted o f  
pink noise (exh ib i t i ng  f l a t  1 /3-octave hand spectrum 1 eve1 ) i nse r t i on  i n  a1 1 
microphone channels, a f i xed  sine wave reference voltage i nse r t i on  i n t o  the 
accelerometer channels as wel l  as a 1 g s t a t i c  c a l i b r a t i o n  o f  the servo- 
accelerometers, and a 250 Hz piston-phone acoustic c a l i b r a t i o n  o f  the microphone 
systems during pretest  and posttes t periods. Frequency response o f  the acoustic 
channels was nominally t Id2 over the range 5 Hz t o  10 kHz for  the ex te r i o r  
lileasurement systems and 1.5 Hz t o  10 kHz f o r  the lower frequency i n t e r i o r  
measurement syste~~is.  The accelerameter channel frequency response extended 
from dc t o  approxi l~~ate ly  1 kHz f o r  the servoaccelerometers and from 3 Hz t o  i n  
excess o f  3 kHz f o r  the p iezoe lec t r i c  type, Amp1 i tude response f o r  both 
systems was nominally t 1 /2dB over the appl icable frequency range. 
Test Procedures 
Physical . - A i r c r a f t  cont ro l  tower communications were monitored and 
a i r c r a f t  spotters were located near each t e s t  house t o  i d e n t i f y  a i r c r a f t  as 
wel l  as t o  contro l  and coordinate data acqu is i t ion .  Time code was recorded a t  
each t e s t  house t o  provide a comnon time 5ase f o r  use i n  subsequent analys is  
o f  the data. Radio communications were used t o  obta in time synchronization 
between houses and f o r  data acqu is i t ion  cont ro l  and ca l  ib ra t ions  a t  each t e s t  
house. 
Subjective.- Subjective tes ts  were conducted u t i l i z i n g  members o f  the NASA 
Concorde monitor ing team and residents o f  a p a r t i c u l a r  t e s t  s i t e .  The members 
o f  the monitoring team par t i c ipa ted  a t  each house ( th ree  per day) whereas the 
resident subjects par t i c ipa ted  only  a t  thei l l  own home. The subject ive t e s t  
sessions were approximately 1 hour i n  length and were scheduled t o  include one 
o r  more Coworde operations a t  each house a1 though t h i s  was not  always 
possible due t o  var ia t ions  i n  Concorde schedules. 
The ins t ruc t ions  on t e s t  procedure and use o f  the r a t i n g  form, along w i t h  
a copy o f  the r a t i n g  form, are contained i n  Appendix A. The r a t i n g  form was 
designed t o  c o l l e c t  information on several aspects o f  an a i r c r a f t  f l yover  
inc luding detect ion threshold o f  v ib ra t ion ,  detect ion threshold o f  r a t t l e ,  
annoyance threshold o f  v ibrat ion,  annoyance threshold o f  r a t t l e ,  annoyance 
threshold of noise, and overa l l  annoyance r a t i n g  of the f lyover .  During the 
tes t ing  session, a l l  subjects were seated i n  the room which was being monitored 
for indoor sound and v ib ra t i on  leve ls .  For each a i r c r a f t  event, the t e s t  
conductor would announce the f l yover  number which each subject entered on h i s  
r a t i n g  form. Each subject would then r a t e  the f l yover  as t o  whether o r  not  
v ib ra t ion  and/or r a t t l e  was detected and whether o r  not  the detected v ibrat ion,  
r a t t l e ,  and noise was annoying. Also, each subject rated the overa l l  annoyance 
o f  the f l yover  on a scale from 0 t o  9, where "0" was def ined as zero annoyance 
and "9" was defined as maximum annoyance. I n  order t o  cor re la te  the  subject ive 
response data w i th  the physical data, the t e s t  conductor recorded the time of 
day corresponding t o  each noise event which was synchronized w i th  the physical 
measurement. 
A t  the conclusion o f  each t e s t  session, the f l yover  event r a t i n g  forms 
were col lected and a post test  session r a t i n g  form was administered. The 
inst ruct ions f o r  the use o f  t h i s  form, along w i th  a copy of the form, are 
contained i n  Appendix B. The primary purpose o f  t h i s  form was t o  determine 
how subjects perceived v ib ra t ion  and r a t t l e  and t o  obtain an annoyance r a t i n g  
of vibrat ion, r a t t l e ,  and noise. The purpose i n  obtaining the annoyance 
ra t ings  was t o  assess the r e l a t i v e  cont r ibu t ion  o f  each of the three 
components i n  the subject 's overal l  annoyance t o  a i r c r a f t  f lyovers. 
RESULTS OF INITIAL DATA ANALYSIS 
Scope 
Noise-induced v ib ra t ion  measurements were made on the wal l  s, windows, and 
f l oo rs  o f  s i x  houses i n  the JFK area i n  January 1978. It has not  been possible 
t o  analyze a l l  of these data f o r  inc lus ion  i n  the January issue o f  the FAA's 
monthly Concorde assessment report.  The data avai lable a t  t h i s  time are 1 i m i  ted 
t o  outside a i r c r a f t  noise leve ls  and the resu l tan t  v ib ra t ion  response o f  a 
window i n  one o f  the t e s t  houses. These resu l t s  are general ly representat ive 
o f  the main body o f  data acquired a t  JFK i n  January and are being presented 
t o  i l l u s t r a t e  some o f  the ear ly f indings i n  the JFK bui ld ing response 
assessment. Fol low-on reports w i  11 include detai led frequency and amp1 i tude 
analyses o f  addit ional noise and v ibrat ion data as well as the resu l ts  o f  
v ibrat ion and r a t t l e  threshold detection tests described el sewhere i n  t h i s  
report. 
Analysis Procedure 
Two channels o f  noise data ( inside and outside) and four channels o f  
v ibrat ion data (window, wall, ver t ica l  f loor ,  and horizontal f l oo r )  were 
recorded on FM magnetic tape and l a te r  played back i n t o  a mu1 tichannel , true 
rms logarithmic d i t i t a l  voltmeter. The voltmeter sampled the data and 
performed the anal og-to-digi t a l  conversion and averaging tasks necessary t o  
convert these signals t o  overal l  levels suitable f o r  d i g i t a l  processing. 
Overall, that  i s ,  nonweighted noise and v ibrat ion levels were obtained i n  
t h i s  way f o r  each f lyover. The voltmeter was interfaced t o  a d i g i t a l  computer 
which, wi th i t s  associated peripherals, corrected the raw data f o r  changes i n  
gain settings and ca l ib ra t ion levels and provided a pr inted time h is to ry  f o r  
each flyover, l i s t i n g  the overal l  levels o f  noise and v ibrat ion f o r  each o f  the 
s ix  data channels a t  112-second intervals.  These data were then recorded on 
d i g i t a l  mgnet ic tape f o r  subsequent analysis. 
Prel iminary Results and Discussion 
Data are presented i n  t h i s  report i n  two formats. I n  f igures 4(a) through 
4(f),  noise and v ibrat ion time h is tor ies  are presented f o r  representative 
flyovers of each o f  s ix  a i r c r a f t  types, including the Concorde. These f igures 
il lust ra te  the relat ionship between noise and v ibra t ion level  a t  112-second 
i n t e r v a l s  dur ing each f l yove r .  Figures 5(a) through 5 ( f )  and f i g u r e  6 present 
data i n  t he  form o f  v i b ra t i on l no i se  "signatures," and i l l u s t r a t e  how v i b r a t i o n  
l e v e l s  change as a  func t ion  o f  outdoor noise l e v e l .  With t he  except ion o f  the  
Concorde, which represents a  s i n g l e  event, each of t he  s ignatures presented i n  
f i gu res  5 and 6 conta in  data from several f l yove rs  o f  a  g iven type a i r c r a f t  
and, thus, represent a  composite s ignature descr ib ing  the  response o f  the t e s t  
s t r uc tu re  t o  a l l  recorded f l yove rs  o f  the  ind ica t2d  a i r c r a f t  type. 
A number o f  observat ions can be made from these data. The t ime h i s t o r i e s  
reveal  t h a t  the h ighest  v i b r a t i o n  l e v e l s  recorded on the window genera l l y  d i d  
no t  occur a t  exac t l y  the same time as the  h ighest  w i s e  l e v e l s  (recorded i n  the 
f r o n t  ya rd ) .  This suggests t h a t  "shadow e f f e c t s "  r esu l t ed  i n  a  d i f f e r e n t i a l  
loading o f  the outs ide mic~ophone and the  window accelerometer. That i s ,  the  
outdoor microphone and the window accelerometer may no t  have been exposed t o  
exac t l y  the same noise l e v e l s  a t  every i n s t a n t  o f  the f l y o v e r .  Th is  d i f f e r e n t i a l  
loading phenomenon was a lso  observed C3:ring the Du l les  Concorde assessment and 
was reported i n  reference 1. The window was on the  s ide  o f  the  house facing 
the general d i r e c t i o n  o f  the  a i r p o r t  ( f i gu re  3 )  and the l o c a t i o n  of the outdoor 
microphone was such t h a t  dur ing approaches t o  JFK, the  window and microphone 
were genera l ly  exposed t o  the  same noise f i e l d  dur ing  the l a t t e r  p a r t  o f  each 
f lyover ,  j u s t  a f t e r  the a i r c r a f t  passed overhead. The t ime h i s t o r i e s  i n  
f igures 4(a) through 4 ( f )  ( a l l  approaches) i nd i ca te  t h a t  the  v i b r a t i o n  l e v e l s  
measured on the window f o l l o w  the  outdoor noise l e v e l s  q u i t e  we l l ,  espec ia l l y  
i n  the l a s t  ha l f  of the f l yove r ,  when the  d i f f e r e n t i a l  load ing e f f e c t  was a 
minimum. Table I 1  l i s t s  average peak values of noise and window v i b r a t i o n  
recorded a t  t h i s  t e s t  s i t e .  
The data presented i n  f i gu res  5(a)  through 5 ( f )  were taken f*, 1 s l a t t e r  
p a r t  o f  each of the f l yove rs  recorded a t  the  t e s t  house, wh i le  ?e micrcr.:: ,me 
and the accelerometer were i n  the  same noise f i e l d .  The small spread i n  t h e  
data which comprises these s ignatures suggest t h a t  the re  i s  r e l a t i v e l y  l i t t l e  
v a r i a t i o n  i n  the response of the  window when i t  i s  exposed t o  the  same noise 
l e v e l  from the same a i r c r a f t  type, under s i m i l a r  f l i g h t  cond i t i ons .  As a 
r esu l  t, the composite s ignatures a re  used ins tead of s ing le-event  s ignatures as 
the bas is  f o r  making i n t e r a i r c r a f t  response comparisons which w i l l  be discussed 
below. Table I 1 1  1 i s t s  the slope, y - in te rcep t ,  and c o r r e l a t i o n  c o e f f i c i e n t  f o r  
each o f  the  composite response signatures presented i n  f i g u r e  5. 
The composite response s ignatures o f  f i gu re  5 a re  o v e r l a i d  i n  f i g u r e  6 t o  
f a c i l i t a t e  i n t e r a i r c r a f t  comparisons. The data po in t s  i n  t h i s  f i g u r e  a re  from 
the Concorde signature.  F igure 6 ind ica tes  t ha t ,  f o r  a  g iven noise l e v e l ,  the  
v i b r a t i o n  l e v e l s  induced i n  the window by the Concorde under approach cond i t i ons  
are no t  markedly d i f f e r e n t  from the  v i b r a t i o n  l e v e l s  induced by any one o f  the 
f i v e  conventional a i r c r a f t  types tested, and t h a t  d i f fe rences  between the 
Concorde response s ignature and any other  conventional a i r c r a f t  s ignature a re  
no greater  than di f ferences among conventional a i r c r a f t  s ignatures.  
Subject ive Test Resul t s  
Subject ive response t e s t s  of v i b ra t i on ,  r a t t l e ,  and no ise included both 
Concorde and a v a r i e t y  of subsonic a i r c r a f t  operat ions.  The sub jec t i ve  t e s t s  
* 
were designed t o  ob ta in  v i b r a t i o n  and r a t t l e  de tec t ion  thresholds;  v i b r a t i o n ,  
r a t t l e ,  and noise annoyance thresholds;  and an o v e r a l l  annoyance r a t i n g  o f  
each a i r c r a f t  noise event. The data are c u r r e n t l y  being analyzed t o  c o r r e l a t e  
w i t h  the physical  met:;res t o  e s t a b l i s h  de tec t ion  and annoyance thresholds.  
-* -- - - -- -- 
*Threshold i s  def ined as a  p o s i t i v e  r a t i n g  by 50 perceot o f  the subjects.  
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Both v i l - r a t i on  and r a t t l e  were detected i n  several houses f o r  some operat ions 
o f  both the Concorde and subsonic a i r c r a f t .  
CONCLUDING REMARKS 
A i r c r a f t  noise ar~d v i b r a t i o n  data were acquired a t  s i x  r e s i d e n t i a l  s i t e s  
near JFK I n te rna t i ona l  A i r p o r t .  This r e p o r t  presents no ise and window 
v i b r a t i o n  data acquired a t  one o f  these t e s t  s i t es .  These resu l t s ,  which ? r e  
being released f o r  the  January FAA Concorde assessment repor t ,  represent a  
r e l a t i v e l y  small f r a c t i o n  o f  the  data acquired a t  JFK; f i n a l  conclusions w i l l  
be based on the r e s u l t s  o f  a  more comprehensive ana lys is  o f  the data and w i l l  
be presented i n  fo l low-on repor ts .  While a  l a r g e  p o r t i o n  o f  the data a re  s t i l l  
under evaluat ion,  t he  f o l l ow ing  p re l  iminery  r e s u l t s  a re  offered: 
o  Both v i b r a t i o n  and r a t t l e  were detected sub jec t i ve l y  i n  s -  houses 
f o r  some operat ions o f  both the  Concorde and subsonic a i r c r a f t .  
o  The r e l a t i o n s h i p  between window v i b r a t i o n  and a i r c r a f t  no ise i s :  
- 1  inear,  w i t h  v i b r a t i o n  l e v e l s  5eing accurate ly  p red ic ted  from OASPL 
l e v e l s  measured near the  window 
- cons is ten t  from f l y o v e r  t o  f l y o v e r  f o r  a  given a i r c r a f t  type under 
approach condi t i o n s  
- no d i f f e r e n t  f o r  Concorde than f o r  o ther  convent ional  j e t  t ranspor ts  
( i n  the case o f  window v i b ra t i ons  induced under approach power cond i t i ons )  
o  Rela t ive lb4 h igh  l e v e l s  o f  window v i b r a t i o n  br~easured dur ing  Concorde 
operat ions a re  due more t o  higher OASPL l e v e l s  than t o  unique Concorde source 
cha rac te r i s t i c s .  
Follow-on repor ts  w i l l  conta in  the r e s u l t s  o f  f u r t h e r  analyses o f  the  data 
c u r r e n t l y  i n  progress. 
APPENDIX A 
INSTRUCT IONS 
FLYOVER EVENT RATING 
GOOD MORNING, MY NAME I. 
- 
MY COLLEAGUES AND I ARE FROM THE NASA LANGLEY RESEARCH CENTER WHICH I S  
LOCATED I N  HAMPTON, V I R G I N I A .  WE APPRECIATE THE OPPORTUNITY TO COME 
INTO YOUR HOME AND COLLECT INFORMATION OY HIKCRAFT NOISE.  WE WOULD L I K E  
YOU TO HELP US BY "RATING" THE AIRCRAFT THAT WE W I L L  HEAR FOR THE NEXT 
3 0  TO 45 MINUTES.  
TO A I D  I N  T H I S  TEST, WE HAVE PREPARED THESE "FLYOVER EVENT RATING FORMS." 
BASICALLY,  WHAT WE WANT YOU TO DO EACH T I M E  AN A IRPLANE F L Y S  OVER I S  TO 
PROVIDE INFORMATION ON THE VIBRATIO?I ,  RATTLE, AND NOISE PRODUCED BY THE 
AIRPLANE.  BY V IBRATION,  WE ARE REFERRING TO MOTION THAT YOU FEEL I N  
YOUR BODY. BY RATTLE, WE MEAN ANYTHING THAT YOU HEAR DUE TO OBJECTS I N  
THE HOUSE WH!CH ARE CAUSED TO MOVE BY THE A IRPLANE FLYOVER. NOISE,  OF 
COURSE, I S  THE SOUND OF THE A I R P L k N E .  
NOW, FOR THE RATINGS WE WOULD L I K E  YOU F I R S T  TO T E L L  US WHETHER OR NOT 
YOU DETECT V I B R A T I O N  AND/OR RATTLE. I T  YOU DO DETECT E I T H E 2 ,  CHECK "YES" 
UNDER THE "DETECTION" COLUMN. I F  NOT, CHECK "NO." NOTE THAT YOU COULD 
EE  AWARE OF ONE, BUT NOT THE OTHER. NEXT, WE WOULD L I K E  YOU TO T L L L  US 
WHETHER OR NOT THESE I N D I V I D U A L  ITEMS WERE ANNOYING TO YOU. I F  SO, 
CHECK "YES" UNDER THE ANNOYANCE COLUMN; IF THE PARTICULAR I T E M  WAS NOT 
ANNOYING TO YOU, OR I F  YOU D I D  NOT DETECT I T ,  CHECK "NO" UNDER THE 
ANNOYANCE COLUMN. F I N A L L Y ,  WE WOULD L I K E  YOU TO G I V E  US AN 0VERAl.L 
ANNOYANCE RATING OF THE FLYOVER ON A SCALE FROM ZERO TO N I N E  WHERE ZERO 
INDICATES "ZERO ANNOYANCE" AND N I N E  I N D I C A T E S  "MAXIMUM ANNOYANCE. " 
ARE THERE ANY QUESTIONS? 
FLYOVER EVENT RATING FORM 
Flyover 
No. 
S i t e  Date 
Subject I D  start- 
Detect ion Annoyance Annoyance Rat ing o f  F lyover  
Yes No Yes No 
- Vibra t i on  - - - - 
q a t t l e  - - - -  
Noise - - 
- Vibra t i on  - - - - 
R a t t l e  - - - -  
Noise - - 
Vibra t i on  
R a t t l e  
Noise 
V ib ra t i on  
R a t t l e  
Noise 
V ib ra t i on  
R a t t l e  
Noise 
V ib ra t i on  
R a t t l e  
Noi$.! 
V ib ra t ion  
R a t t l e  
Noi se 
V ib ra t ion  
D s  ttl e  
':si se 
V ib ra t ion  
Ra t t l e  
Noise 
I Annoyance r a t i n g :  0 - zero annoyance I I I 9 - maximum annoyance ( 
APPENDIX B 
POSTTEST SESSION RATING FORM 
NOW WE HAVE ONE MORE TASK WE WOULD L I K E  TO ASK YOU TO DO. WOULD 
YOU PLEASE GIVE US AN OVERALL RATING OF THE TEST SESSION BY F I L L I N G  
I N  THIS "TEST SESSION RATING FORM." I THINK THE FORM I S  SELF- 
EXPLANATORY, BUT I F  YOU HAVE ANY QUESTIONS PLEASE SPEAK UP. 
THANK YOU. 
TEST SESSION RATING FORM 
S i t e  Date 
Subject  I D  - S t a r t  Time 
1. I f  you sensed e i t h e r  v i b r a t i o n  o r  r a t t l e  dur ing t he  t e s t  session, 
were you ab le  t o  i d e n t i f y  what was v i b r a t i n g  o r  r a t t l i n g ?  
V ib ra t ion :  Yes , No , Did  no t  sense - 
-
Rat t l e :  Yes , No , Did n o t  sense - 
-
2. I f  you answered "yes" t o  e i t h e r  p a r t  of quest ion 1,   lease t e l l  us what 
v ib ra ted  o r  r a t t l e d .  
What v i  bra  ted? , , 
What r a t t l e d ?  9 , - 
3. I f  you sensed e i t h e r  v i b r a t i o n  o r  r a t t l e ,  please check below - a l l  t he  ways 
you sensed it. 
Ra t t l e :  Heard i t  - , Saw i t  - , F e l t  i t  - , Not sure - 
Vibra t ion :  Heard i t  -, Saw i t  , F e l t  i t  , Not sure 
- - - 
4. I f  you f e l t  v i b ra t i on ,  please i n d i c a t e  how you f e l t  i t  ( i  .e. hands, 
fee t ,  e tc .  ) 
5. For the t e s t  session, please r a t e  the annoyance of the  f o l l ow ing .  
v i  b r a t  ;on 
r a t t l e  I . 
noise I I I I I a 1 I I I . I 
0 1  2 3 4 5 6 7 8 9  
zero maximum 
annoyance annoyance 
6. Comments (over)  . . . 
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TABLE I. - SUMMARY OF AIRCRAFT EVENTS 
Operat ion  
a r r i v a l  
1 depar tu re  
ground o p e r a t i o n  
a r r i v a l  
depar tu re  
ground o p e r a t i o n  
a r r i v a l  
6 depar tu re  
ground o p e r a t i o n  
a r r i v a l  
9 depar tu re  
ground o p e r a t i o n  
a r r i v a l  
10 depar ture  
ground opera t i on  
a r r i v a l  
11 depar tu re  
ground opera t i on  
TABLE 11.- AVERAGE MAXIMUP, LEVELS FOR APPROACHES AT SITE 3 
Average Maximum Level 1 Type 1 "' pSpL dB 




L l  01 1 3 
SST 1 
TABLE 111.- WINDOW VIBRATION RESPONSE SIGNATURE PARAMETERS 
FOR APPROACHES AT SITE 3 
1 i e  / 3. s l o p e !  y - I n t e r c e p t  
Runs 
I SST 1 1 1 1.104 "9.15 
Corre l  a t i o n  








F igu re  3 ( b ) .  - Plan v iew  sketch of t e s t  s t r u c t u r e  3 .  
Figure 4(a). - Time hfstory o f  sound pressure level and wfndow acceleration 
24 level during 707 approach (event 112 a t  sf te  3). 
Window Accel era ti on 
(dB re  1 vg) 
Sound Pressure Level (Exterior Noise) 
Figure 4(b). - Time history of sound pressure level and wlndow acceleration 
level during DC-8 approach (event 123 a t  s i te  3). 25 
" 1 k~ndow Acceleration 
f / i Sound Pressure Level (Exterior Noise) 
Figure 4(c). - 1 ine history o f  sound pressure level anJ window accaleration 
26 level during 727 approach (event 117 a t  s i te  3). 
Window Acceleration 
Figure 4(d).  - Time history o f  sound pressure l e v e l  and window acceleration 
level  during 747 approach (event 126 a t  s i t e  3) .  
Sound Pressure Level 
(Exterior Noise) 
Figure 4(e). - Time history of sound pressure level and window acceleration 
level durlng L-lOll approach (event 128 at site 3). 
Sound Pressure Level (Exter ior  Noise) 
. , 
4; 1 . . . - -------... - -  ---- 
dY 
C .:n -I--------- 1 9,136 !b.O(i ;A ,DO 3: 490 40.00 49 -9Ci 
F.1 HPSED T J ME. 9 SECONDS 
Figure 4 ( f ) .  - Time history o f  sound pressure l e v e l  and window acceleration 
l e v e l  during Concorde approach (event 101 a t  s i t e  3 ) .  29 
Figure 5fa) .  - Cmposi t e  window vibratian response signature for 707 approach a t  
s i t e  3 (4 flyovers). 
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Figure S(e). - Cmposlte wlndow vlbratlon response signature f o r  727 appraach a t  
sf t e  3 (5  f lyovers) . 

Figure 5(e). - Carposlte windou vibration response signature for L-1011 approach a t  
34 s i t e  3 (3 flyovers). 
Figure 5 ( f ) .  - Mindow vibration response signature fo r  Concorde approach a t  s i t e  3 
(event 101). 3 5 
Figure 6. - Cmposlte window vlbration response signatures for Concorde and 
subsonlc a i rc ra f t  approaches a t  s i t e  3. Data polnts are for 
Concorde event 101. 
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16 4Wr,Ct 
The NASA, i n  cooperation w i t h  the FAA, made measurements of noise-induced bu i l d ing  
vibrat ions near John F. Kennedy Internat ional  A i rpor t  on January 18-19, 1978, as p a r t  
o f  the Concorde monitoring program. The outdoor and indoor noise l eve ls  resu l t i ng  from 
a i r c r a f t  f lyovers and cer ta in  nonafrcraf t  events were recorded a t  s i x  home s i t e s  along 
wi th  the associated v ib ra t ion  leve ls  i n  the walls, windows, and f loors o f  these t e s t  
homes. I n  addit ion, l i m i t e d  subject ive tes ts  were conducted t o  examine the human 
detection and annoyance thresholds f o r  bu i ld iqg  v ib ra t ion  and r a t t l e  caused by a i r c r a f t  
nofse. While a large por t ion  of the data are s t i l l  under evaluation, the  fol lowing 
pre l  fminary resu l ts  are offered: 
o Both v ib ra t ion  and r a t t l e  were detected subject ive ly  i n  several houses fo r  some 
operations of both the Concorde and subsonic a i r c r a f t .  
o  The re lat ionship between window v ib ra t i on  and a i r c r a f t  noise i s :  
- l inear* w i th  v ib ra t ion  leve ls  being accurately predicted from OASPL leve ls  
measured near the window 
- consistent from flyover t o  f l yover  for a given a i r c r a f t  type under approach 
condi ti ons 
- no d i f f e r e n t  f o r  Concorde than f o r  other conventional j e t  transports ( i n  the 
case of window v i  brat ions induced under approach power condi t tons)  
o Relat ive ly  high leve ls  of window v ibra t ion  measured during Concorde operations 
are due more t o  higher OASPL leve ls  than t o  unique Concorde source character is t ics.  
Follow-on reports w i l l  contain the resu l t s  o f  fu r ther  analyses o f  the data cur rent ly  i n  
progress. 
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